Abasic (AP) sites in DNA arise from spontaneous reactions or the action of DNA glycosylases and represent a loss of genetic information. The AP sites can be mutagenic or cytotoxic, and their repair is initiated by class 11 AP endonucleases, which incise immediately 5' to AP sites. The main enzyme of S. cerevisiae, Apnl, provides cellular resistance to oxidants (e.g., H202) or alkylating agents, and limits the spontaneous mutation rate. AP endonucleases from other species can replace Apnl function in yeast to different extents. We studied the main human enzyme, Ape, with respect to its incision specificity in vitro and the expression of the APE gene in vivo. The results suggest that Ape evolved to act preferentially on AP sites compared to deoxyribose fragments located at oxidative strand breaks and that the incision modes of Ape and Apnl may be fundamentally different. We also defined the functional APE promoter, and showed that APE expression is transiently downregulated during the regeneration of epidermis after wounding. This latter effect may lead to a window of vulnerability for DNA damage and perhaps mutagenesis during the healing of epidermal and other wounds. Such unexpected effects on the expression of DNA repair enzymes need to be taken into account in analyzing the susceptibility of different tissues to carcinogens. Environ Health Perspect 105(Suppl 4): 931-934 (1997) 
Introduction
Sites of base loss in DNA (abasic [AP] sites) occur frequently in living cells. For example, AP sites arise spontaneously through acidcatalyzed purine hydrolysis at an estimated rate of approximately 104 per human genome per day (1) . To this burden is added the removal of various types of damaged bases via DNA glycosylases and the direct elimination of bases via free-radical attack (1, 2) . The resulting AP sites have both cytotoxic and mutagenic potential, which is countered by the action of AP endonucleases that initiate their repair. The most abundant activities in most cells are class II AP endonucleases, which initiate repair by incising DNA immediately 5' to AP sites (2) . Some DNA glycosylases associate with AP lyase activity that results in the incision of DNA immediately 3' to the AP site via n-eliminadion. These dass I enzymes are always associated with DNA glycosylases, but the biological function ofAP lyase activity remains to be established (2) .
Enzymatic and molecular genetic studies have revealed that dass II AP endonucleases are comprised of two phylogenetic groups, each of which includes both prokaryotic and eukaryotic members (2) . One family includes Escherichia coli endonuclease IV and Saccharomyces cerevisiae Apn 1 
Apnl and Genetic Stability in Yeast
Apnl protein of S. cerevisiae was first isolated as the major 3'-repair activity in yeast, but was shown also to be the predominant AP endonuclease of that organism. The availability of the purified protein soon led to cloning and sequencing of the structural gene APNI, which revealed the homology of the yeast protein to E. coli endonuclease IV (3) . Yeast apnl-strains were constructed and found to be hypersensitive to the cytotoxicity of various agents. These observations revealed roles for Apnl 
Enzymology ofHua
AbaSiC Ednuclease Our studies initially focused on mammalian enzymes that remove 3'-damages from a synthetic substrate; this approach identified in various mammalian cell types (e.g., HeLa, CHO, and human fibroblasts) and in calf thymus two main 3'-repair activities separable by chromatography on BioRex-70 (Bio-Rad, Richmond, CA) (6). The responsible proteins were both purified extensively from HeLa cells, one (BioRex Peak II) to apparent physical homogeneity (6) . Robust class II AP endonuclease was present in both preparations, at approximately 7-fold higher than the 3'-repair activity for Peak I and approximately 200-fold for Peak II. The purity of the Peak II enzyme (Mr 37,000) allowed the determination of 25 residues of its N-terminal sequence and the generation of high-affinity polyclonal antibodies, reagents that were used to clone and verify the cDNA encoding this protein, which was named APE (7). The translated APE cDNA sequence revealed a homolog of E. coli exonuclease III, with 28% sequence identity between the two proteins over a 280-residue segment (i.e., virtually the entire length of exonuclease III). This homology was confirmed by independent cloning efforts (8, 9 (11) .
The in vitro specificity of Ape is reflected in the ability of the protein to effect repair in transcomplementation studies. Our original studies showed that expression of Ape in AP endonuclease-deficient E. coli conferred resistance to alkylating agents but not to the oxidant hydrogen peroxide (7) . A similar specificity has now been demonstrated for Apnl-deficient yeast (12) . These in vivo effects are consistent with the robust activity of Ape as an AP endonuclease coupled to a weak 3'-repair diesterase, which would effect the efficient repair of alkylation-induced AP sites but not of oxidative strand breaks in DNA (2) . Most importantly, expression of Ape in Aapnl yeast at a modest level (-2000 Ape molecules per cell, compared to -7000 Apnl molecules per cell in wild-type yeast) was sufficient to restore a normal spontaneous mutation rate (12) . This observation underscores the potential of endogenously generated AP sites to cause genetic instability when they are left unrepaired.
Biology of APE in Mammalian Cells
Although the role of Ape protein in DNA repair is likely to be a broad one, neither the active enzyme nor its mRNA were inducible by a variety of DNA-damaging agents (13) . We addressed the possibility that the APE gene might be regulated during the cell cycle or in response to proliferation, under the assumption that Ape protein would help eliminate mutagenic damage from DNA to allow accurate replication. For this purpose, we examined the expression of APE mRNA by in situ hybridization in porcine skin following surgical wounding (14) . In this model, robust proliferation of keratinocytes begins approximately 12 hr after wounding and continues for 3 to 4 days until the wound site is filled; differentiation over the next 10 to 15 days then generates the layers of normal skin. During this period the expression of genes encoding certain growth factors and their receptors is induced, while others remain unaffected.
For expression of APE mRNA, we found no significant change during the first 6 hr after wounding, followed by a 3-fold decrease at day 1 that persisted into day 2; by day 3, expression began to recover, was near normal on day 5, exceeded the level seen for unwounded skin at day 9, and was still more strongly elevated at day 17 ( Figure 2 ). Given the foregoing rationale, this biphasic pattern of expression that was negatively correlated with cell proliferation was quite unexpected. These observations may suggest that Ape activity is not limiting for essential DNA repair under the cell growth conditions of wound healing in the porcine skin model, and have prompted a consideration of alternative explanations for the observed biphasic regulation (14) . One 
